Background: Gastric cancer is the fourth most common cancer and second leading cause of cancer death worldwide. Cardiospermum halicacabum is used to treat nerve disorders, stiffness, rheumatism, ear ache, snake bite, and so on. Methods: In this study, the reaction parameters were optimized to control the size of the nanoparticle, which was confirmed by transmission electron microscopy. Various characterization techniques such as selected area diffraction pattern, UV-visible spectroscopy, energydispersive X-ray analysis, dynamic light scattering, Fourier-transform infrared spectroscopy, and atomic force microscopy were employed to analyze the synthesized AuNPs obtained from C. halicacabum (CH-AuNP) against gastric carcinoma cell line. Results: The cytotoxic effect of CH-AuNP against AGS, SNU-5, and SNU-16 cell lines was detected by MTT assay. The induction of apoptosis by CH-AuNP in AGS was analyzed by double staining technique using TUNEL and DAPI staining assays. Further to confirm the molecular mechanism exhibited by CH-AuNP to induce apoptosis, the intracellular ROS level was assessed and immunoblotting was performed to assess the apoptotic signaling molecules that often deregulated in cancerous condition.
Introduction
One of the fourth most common and second foremost causes of cancer mortality is gastric cancer. 1 Globocan on the year 2012 estimated that about one million new patients were detected with stomach cancer. 2 About 70% of gastric cancer prevalence was prognosed in developing countries like those in Eastern part of Asia, Europe, and Southern parts of America, and they were affected much more than the rest of the world. The risk of developing gastric cancer was considerably increased to 0.9% in USA. Various risk factors are associated with gastric cancer induction like infection with Helicobacter pylori, high alcohol consumption, tobacco smoking, lack of fruit and vegetable intake, more salt consumption in diet, and pernicious anemia.
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li et al were prone to distant metastasis; 4 hence, chemotherapy seems to be the first choice of treatment in gastric cancer patients. 5 For the advanced stage of gastric cancer, there are numerous multidisciplinary treatment applied to improve the prognosis of patients. The 5-year overall survival rate of patients with advanced gastric cancer is ~25% due to frequent relapse, metastasis, and drug resistance. Thus, further investigations for critical mechanisms on gastric cancer metastasis, relapse, and drug resistance are imperative. 6 Chemotherapeutic drugs have been used to mimic the tumor cell proliferation through induction apoptosis pathway and the clinic has used these types of drugs today. However, some significant limitations have been shown on their use. Even though there are so many recent advances in chemotherapeutics like introducing inhibitors for immunity checkpoints and targeted drug delivery, the response rate of gastric cancer patients is low. 7 Hence, an effective treatment that prolongs the survival rate and also prevents metastasis is the need of today.
Phytomedicine is an effective treatment done in most of the developing countries, which plays a dramatic role in treating various ailments. China is one such country gifted with tremendous amount of varied medicinal plants that are now considered as weeds. Cardiospermum halicacabum is one such plant vernacularly known as balloon plant or love in a puff plant, and it is consumed in the rural south India. 8 C. halicacabum was used to treat snake bite, ear ache, diarrhea, dysentery, and emetic, diaphoretic, and nervous disorders. [9] [10] [11] The aqueous and ethanolic extracts of C. halicacabum possess antiviral, antimicrobial, and antitumor properties. 12 Mass decline in the herbal medicinal plant treatment was noted in the developing countries due to the usage of pure chemical bioactive component in spite of crude drugs; therefore, in the present study, we analyzed the anticancer effect of gold nanoparticles synthesized by C. halicacabum.
Gold is a miracle compound that is used to treat various ailments from the ancient days, 13 and recently the gold nanoparticles are used to increase the pharmacokinetics of the existing drug and to reduce the side effect by targeted delivery system.
14 Compared to other metals like silver, the foremost nonreactive property of gold with biologic substance made them to be an appropriate carrier for drugs. 15 It localized surface plasmon resonance, rendering a sturdy optical property and hence improving the drug delivery. 16 Synthesis of gold nanoparticles using plant extracts has been used for the researches based on the stability, a very simple procedure that can be used for the treatment of cancer, gene sequencing, and targeted drug delivery systems. Another advantage of gold nanoparticles is easy bonding between the specific targeted site and anticancer drugs. 17 Because of the several advantages of gold nanoparticles, they have been shown to be used for clinical applications in drug delivery systems and treatment of several types of cancers.
Hence, the present study is aimed to biosynthesize and characterize gold nanoparticles with the herbal plant C. halicacabum and to analyze the anticancer property of the synthesized C. halicacabum gold particles against gastric adenocarcinoma cell lines.
Materials and methods
Gold(III) chloride trihydrate (99.9%), RPMI 1640 medium, FBS, trypsin, antibiotic solutions, dimethyl sulfoxide, and MTT were purchased from Sigma Aldrich (St Louis, MO, USA).
sample preparation
Fresh C. halicacabum leaves were collected and authenticated. The sample was prepared by thoroughly washing the leaves with sterile distilled water and drying it under the shade till the leaves got dried completely; approximately it took 15 days for drying. The dried leaves were then powdered using an electrical grinder at a minimum speed to avoid heat generation. Fifty grams of finely powdered leaves were mixed with 500 mL of distilled water and boiled for 30 minutes at a temperature of 60°C. The boiled solution was then filtered using Whatmann filter paper and stored at 4°C for the further processes.
gold nanoparticle synthesis
To 95 mL of 1 mM gold(III) chloride trihydrate solution, 5 mL of C. halicacabum aqueous extract was added and kept at room temperature for 15 minutes for the synthesis of C. halicacabum-gold nanoparticles (CH-AuNP). The color change of solution to ruby red from yellow signifies the synthesis of CH-AuNP, 18 and it was further confirmed by the characterization analysis using various techniques.
ch-auNP characterization UV-spectroscopy
The bioreduction property of CH-AuNP synthesized was assessed by using UV-Visible Spectrophotometer at a spectra range of 300-700 nm.
selected area diffraction (saeD) analysis
The SAED pattern of the synthesized CH-AuNP was analyzed to determine the structure crystallinity by using Malvern Zetasizer instrument. The samples for SAED 
Dynamic light scattering (Dls) analysis
The size and dispersal nature of the gold nanoparticles were determined by DLS particle size analyzer IG-1000 plus (Shimadzu, Japan). Sample was mixed with water and sonicated for 20 minutes and assessed.
Fourier-transform infrared (FTIr) spectroscopy analysis FTIR spectroscopy analysis was performed to identify the functional groups present in the biosynthesized CH-AuNP. The dried powder of CH-AuNP weighing 2 mg was mixed with 200 mg of potassium bromide and placed in the sample holder. This mixture was subjected to FTIR spectroscopy analysis at a range of 4,000-500 cm -1 spectra using FTIR Spectrum 2,000, Perkin Elmer (Waltham, MA, USA). About 50 scans at a resolution of 4 cm per scan were performed and the data obtained were assessed using the software WINFIRST (Mattson, Madison, WI, USA).
atomic force microscopy (aFM) analysis
The size of the CH-AuNP synthesized was measured using AFM analysis. The synthesized nanoparticles were placed on a silica probe and dried with nitrogen gas, and then analyzed with contact mode of Perkin Elmer atomic force microscope.
Transmission electron microscopy-electron diffraction X (TeM-eDX) analysis
The size, morphology, and the composition CH-AuNP synthesized were assessed by using high-resolution transmission electron microscope. The presence of gold element in the CH-AuNP synthesized was confirmed by subjecting the sample to TEM-EDX analysis. The CH-AuNP sample was mixed with methanol by subjecting to ultrasonication and then placed on the carbon film and assessed for EDX analysis in JEOL instrument by subjecting it to 200 kV voltage. RPMI 1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) was used for culturing all the three types of cells, the cells were supplemented with FBS (10%) (Thermo Fisher Scientific), and 1% antibiotic-antimycotic solution was added to avoid contamination. The cells were incubated at 37°C with 5% CO 2 , and the medium was replaced every 48 hours. The cells were trypsinized for subculturing when it reached 80% confluency with 0.25% trypsin and 0.02% EDTA.
cytotoxicity assay
The cytotoxicity of biosynthesized CH-AuNP against various gastric carcinoma cell lines was assessed by MTT assay. 19 The destruction of cell mitochondria was assessed by estimating the formation of blue formazan crystals, which were formed by reduction of MTT by mitochondrial succinic dehydrogenase secreted by viable cells. In each well (200 µL well ) of 96-well microtiter plates, 10 5 numbers of cells were plated, and they were incubated with different concentrations of CH-AuNPs ranging from 0 to 50 µg/mL at 37°C in a CO 2 incubator for 24 hours. After 24 hours, the cell viability was measured by MTT assay, and the CH-AuNP's CC50 was calculated, which is used for analysis of anticancer activity.
apoptotic cell morphology analysis
DaPI staining
The anticancer effect of CH-AuNPs was assessed by analyzing the morphology of cells exposed to various concentrations of CH-AuNPs using DAPI stain and TUNEL assay. In six-well plates, 2×10 5 cells were inoculated, and they were incubated with 25 and 50 µg/mL of CH-AuNP at 37°C for 24 hours with 5% CO 2 . After 24-hour incubation, the cells were fixed with glutaraldehyde 2.5% and Triton X-100 0.1% for 15 minutes. Then the cells were stained with DAPI stain for 5 minutes at a temperature of 37°C, and the cells were then washed with PBS and viewed in NIKON Eclipse 80i fluorescent microscope (Nikon Corporation, Tokyo, Japan).
TUNel assay
The TUNEL assay was done using the TUNEL assay kit obtained from Abcam (USA). Using 1% paraformaldehyde, the cells were fixed for 15 minutes, and after fixation the cells were rinsed with PBS. Then the cells were treated with 70% ethanol and incubated for 30 minutes on ice, and after incubation the cells were washed with buffer and 50 µL of DNA labeling solution was added to the cells, and incubated for 1 hour at 37°C. The cells were then washed with buffer after incubation and suspended again in propidium iodide (PI) 
Mitochondrial membrane potential (MMP) determination

caspases activity
The activity of proteases caspases was detected using the caspase-3 (ab39401) and caspase-9 (ab65608) kits purchased from Abcam (Cambridge, UK). caspases 3 and 9 recognize the sequence DEVD and LEHD, respectively, and cleave from the labeled substrate p-NA emitting light, which was quantified using a spectrophotometer at 405 nm.
rOs analysis
The ROS generated by the CH-AuNP were evaluated by using the kit H2DCFDA (Thermo Fisher Scientific). The fluorescence of 2′, 7′-dichlorodihydrofluorescein diacetate acetyl ester produced by the reduction of DCFDA due to cellular oxidation was estimated to detect and quantify the oxidative stress created. 19 The most sensitive AGS gastric carcinoma cell lines were exposed to 25 and 50 µg concentration for 24 hours. After incubation, the cells were washed with buffered saline and then incubated to 80 mM H2DCFDA for 30 minutes at 37°C. The intensity of the fluorescence exhibited was measured at 530 nm and the values were normalized with the concentration of protein.
antiapoptotic effect of ch-auNP gastric carcinoma cell line
Immunoblotting analysis
The expression of the apoptotic protein after the exposure of different concentrations of CH-AuNP on gastric carcinoma AGS cells was assessed by immunoblotting analysis. The control and CH-AuNP-treated cells were washed with PBS and lysed by sonicating using 200 µL of ice-cold lysis buffer. The sonicated cells were then subjected to centrifugation for 30 minutes at 4°C, 10,000 × g. The supernatant was collected and quantified for protein using Bradford reagent. Fifty micrograms of protein from each group were mixed with sample buffer, boiled for 5 minutes at the temperature of 95°C, and subjected to electrophoresis with 10% SDS-PAGE. The electrophoresed sample was then transferred to a polyvinylidene difluoride membrane blocked with 5% skimmed milk for 1 hour and the membrane was incubated with mouse monoclonal anti-human Bcl-2 (sc-7382), Bcl-xl (sc-8392), Bax (sc-7480), caspase-3 (sc-7272), caspase-9 (sc-56073), and β-actin (sc-47778) antibodies for 12 hours. The secondary anti-mouse horseradish peroxidase-labeled antibodies were added to the membrane after a wash with PBS. The bands of the protein were then viewed using ECL kit, Perkin Elmer, USA.
statistical analysis
The data were expressed as mean ± SD of three independent observations. Data were subjected to statistical analysis by performing one-way ANOVA followed by StudentNewman-Keul's test using Graph Pad Prism 4 statistical software. The P-values ,0.01 were considered significant.
Results
characterization of ch-auNP UV-visible spectroscopic and Dls analysis
The biosynthesis of gold nanoparticles with C. halicacabum was confirmed with UV-visible spectroscopic analysis. Due to the surface plasmon resonance excitation property of the synthesized gold nanoparticles, maximum absorbance peak Figure 1A) , and the maximum peak was observed for the 30th-day sample, indicating that as the time increases the amount of conversion of gold nanoparticle also increases. The size of the nanoparticle synthesized is measured with DLS analysis and the size distribution curve is depicted in Figure 1B . The particle size ranged from 35.1 to 150.1 nm and had an average particle size of 128 nm with a polydispersity index value of 0.912.
FTIr spectroscopy analysis
The FTIR spectrum of the synthesized CH-AuNPs is shown in Figure 2A . The maximum peak range of CH-AuNPs was seen between 1,500 and 3,500 cm -1 , with characteristic peaks at 1,367 (C-H rock), 2,117 (C=O), and 3,313 cm -1
(O-H stretch or H bond), which is due to the reduction of gold ions by C. halicacabum. The peak at 3,313 cm -1 indicates the presence of hydroxyl group of polyphenols from C. halicacabum, and the stretch at 2,117 cm -1 specifies the presence of aldehydes, esters, and ketones. Figure 2B shows the SAED pattern of gold nanoparticles biosynthesized from C. halicacabum, and the nanoparticles exhibit ring-like structure, which indicates the crystalline nature of the nanoparticles. The high-resolution transmission electron microscopy analysis of CH-AuNP is depicted in Figure 3A , which shows that they are of spherical shape and that they are polydispersed at an average diameter of 30.05 nm. EDAX analysis confirmed the presence of gold particles by exhibiting characteristic peak and it also exhibited weak copper peak, which may be due to the presence of other molecules bound to the surface of AuNP ( Figure 3B ).
Morphological characterization of ch-auNP
aFM analysis
The topographical structure of biosynthesized CH-AuNPs was analyzed by AFM ( Figure 4) . The AFM analysis confirmed the nanosphere shapes of the gold nanoparticles, which correlates with the TEM image.
anticancer activity of ch-auNP Ic 50 dose analysis of ch-auNP
The IC 50 dose of synthesized CH-AuNP was analyzed by performing MTT assay ( Figure 5 ). Three different gastric carcinoma cell lines AGS, SNU-5, and SNU-16 were treated with eight different concentrations of CH-AuNP ranging from 0 to 100 µg/mol for 24 hours and subjected to MTT analysis. AGS cell lines were more sensitive to CH-AuNP compared to SNU-5 and SNU-16, and about 50% of cells were dead in AGS cells treated with 25 µg/mol. Hence, for the further assessment of anticancer activity of CH-AuNP in the AGS gastric cell line, a dosage of 25 µg/mol was selected.
ch-auNP apoptotic effect
Dual staining with AO and PI was done to detect the apoptotic cells induced by the CH-AuNPs, which was further confirmed with TUNEL assay and DAPI staining ( Figure 6A ). treatment showed the significant number of apoptotic cells (92.5%) in 24 hours ( Figure 6B ). 
MMP
effect of ch-auNP on caspases
Caspases are the cysteine-aspartate proteases that play an important role in apoptosis. Caspase-3 is the initiator caspase and caspase-9 is the executor caspase. Both the initiator and the executor caspases were increased in AGS gastric carcinoma cell lines treated with 25 and 50 µg/mol of CH-AuNP ( Figure 8A and B).
Intracellular oxidative status of ch-auNP treatment
The intracellular ROS content of control and CH-AuNPtreated AGS gastric carcinoma cells is depicted in Figure 8C . Twenty-five percent and 75% increase in ROS content were observed in 25 and 50 µg/mol CH-AuNP-treated cells, respectively, which indicates the initiation of apoptosis by the biosynthesized CH-AuNP.
effect of ch-auNP on apoptotic signaling
Apoptosis is the programmed cell death carried out by the cells for the elimination of damaged cells, and the inhibition of apoptosis is the hallmark event of tumor initiation.
International Notes: each bar represents mean ± seM of three independent observations. *P,0.05 is considered as statistically significant. Figure 9 anticancer effect of ch-auNP on apoptotic signaling proteins in ags gastric carcinoma cell line. Notes: ags cells were treated with ch-auNP (25 and 50 µg) for 24 hours, and dose-dependent changes in the expressions of Bcl-2, Bax, Bcl-xl, and caspase-3 were monitored by Western blotting. β-actin was used as a loading control. Abbreviation: ch-auNP, Cardiospermum halicacabum-gold nanoparticles. Figure 9 exemplifies the levels of apoptotic protein expression in control and CH-AuNP-treated gastric carcinoma AGS cell lines. Compared to control, there is a marked increase in the expression of proapoptotic proteins Bax, and caspases 3 and 9, whereas the expression of antiapoptotic proteins Bcl-xl and Bcl-2 was decreased, indicating the initiation of apoptosis in cancer cells by the CH-AuNP.
Discussion
Cancer, which tends to be the second leading causative agent of mortality worldwide, is of global concern. In China, about 2.5 million people were estimated to be diagnosed with cancer, of which about 2 lakh deaths were reported to be due to poor diagnosis and treatment. 20 Among various types of cancers, gastric cancers tend to be the fourth common type of cancer leading to second cause of cancer-related deaths. Compared to developed countries the incidence and mortality of gastric cancer are more in developing countries. Highest incidence was reported in Eastern Asia, South America, and Central Europe. 21 Gastric cancer patients are treated with chemotherapy as the first choice of treatment, but it leads to serious side effects and the survival rate was also not increased in most cases. 22 Hence, alternative medicine is the need of today to treat cancer, and phytomedicine is once such field that shows promising evidence to treat cancer with less or nil side effects compared to conventional treatment. 23 C. halicacabum is a traditional medicine but now in modern era it is considered as a weed plant. It has been used to treat various diseases like nerve disorders, stiffness, rheumatism, and snakebite. 24 Recently, it was reported that the methanolic extract of C. halicacabum induced apoptosis in breast cancer cell line. In the present study, we biosynthesized gold nanoparticles with C. halicacabum and analyzed the efficacy against gastric carcinoma cell lines.
Gold nanoparticles possess exclusive physiochemical properties like surface plasmon resonance and binding capacity with amine and thiol groups, which makes it a 25 In the present study, we synthesized and characterized gold nanoparticles with C. halicacabum; gold nanoparticles were synthesized by reducing gold chloride with aqueous extract of C. halicacabum, and the red coloration confirms the synthesis of gold nanoparticles. 26 The red coloration is due to exclusive surface resonance property of gold, which is observed near 530 nm and it also indicates the uniform distribution of gold nanoparticles in the aqueous solution. 27, 28 The optical and electronic properties of gold nanoparticles depend on the shape of the nanoparticles. 29 TEM observation, which was done to analyze the shape of C. halicacabum biosynthesized gold nanoparticles, identified them to be spherical shaped. The composition of atoms present in CH-AuNPs was assessed by EDAX using TEM images. The EDAX analysis showed the presence of gold particles, which confirmed the formation of gold nanoparticles. The reduction of Au(III) to Au(0) was assessed by FTIR spectroscopy analysis, and the characteristic peaks at 1,367, 2,117, and 3,313 cm -1 indicate the reduction of gold, which may be due to the polyphenols that bind the gold metal with carbonyl group and caps the gold nanoparticle thus preventing from aggregation of nanoparticles. Gold nanoparticles are synthesized by binding of negatively charged AuCl 4 with positively charged ions. 30 In the present study, the active components of C. halicacabum could have bound to AuCl 4 and reduced it to gold nanoparticles.
Gold nanoparticles possess the property to inhibit the overexpression of signaling proteins like Ras and Akt in tumor cells; therefore, it can be used as an anticancer drug. In the current study, we analyzed the anticancer activity of gold nanoparticles synthesized with C. halicacabum. Mata et al 31 reported that when the gold nanoparticles of dosage 1.4 nm were used to treat the HeLa cell line it increased the oxidative stress, leading to mitochondrial impairment and apoptosis. The anticancer effect of CH-AuNP was analyzed with three different gastric carcinoma cell lines AGS, SNU-5, and SNU-16. CH-AuNP was more sensitive to AGS cell line and the IC 50 dose was obtained at 25 µg/mL concentration. Selim and Hendi 32 reported that when the gold nanoparticles of dosage 1.4 nm were used to treat the HeLa cell line, it increased the oxidative stress leading to mitochondrial impairment and apoptosis. The same results were obtained in the present study, which is documented with AO/PI, DAPI, and TUNEL assay.
The MMP plays a vital role in triggering mitochondriamediated apoptosis by the activation of caspase-9 and the translocation of Bax. 33 In the present study, CH-AuNP treatment induced mitochondria-mediated apoptosis in AGS cells by reactivity with the fluorescent dye, JC-1, that enters the mitochondrial matrix and stains the mitochondria of healthy cells red due to formation of J-aggregates.
Programmed cell death or apoptosis is the critical process that prevents the progression of cancer. 34 Apoptosis is initiated and executed by various proteins, and B-cell lymphoma 2 family proteins are the key proteins that balance the survival and death of the cells. Bcl group of proteins consist of both proapoptotic proteins that induce apoptosis and antiapoptotic proteins that inhibit apoptosis. 35 In the current study, we examined the effect of biosynthesized CH-AuNP on Bcl group of proteins. CH-AuNP increased the expression of proapoptotic protein Bax and inhibited the expression of antiapoptotic protein Bcl-2 and Bcl-xl. It also increased the protein expressions of both caspases, the initiator caspase-3 and executor caspase-9. Caspases are vital proteins that induce carcinogenesis, neurodegeneration, immunodeficiency, and autoimmunity. 36 The increase in caspases may be due to the anticancer property of CH-AuNP, which increased the intracellular ROS production thereby inducing apoptosis. Gold nanoparticles are promising nanocarriers because of their easy synthesis and the biocompatibility, and this also would have increased the anticancer property of C. halicacabum.
The DAPI staining of AGS cell line treated with CH-AuNP clearly indicates the induction of apoptosis by CH-AuNP. The cells treated with CH-AuNP showed condensed nucleus along with the loss in cell structure. It is further confirmed with the increased red fluorescence exhibited by CH-AuNPtreated cells when stained with AO/PI. The red fluorescence is due to the uptake of AO by the dead cells, whereas the live cell emits green fluorescence. The overall staining results confirm the induction of apoptosis by CH-AuNP by the presence of condensed nucleus and shrunken nucleus, which are the hallmarks of apoptotic cells. It was also confirmed with the increased caspases and increased expression of proapoptotic proteins, which indicates that the synthesized CH-AuNP is a potent anticancer drug.
Conclusion
To conclude, in the present study, we biosynthesized gold nanoparticles using extract of C. halicacabum using a simple, cost-effective method. The spectroscopical and morphometric analysis confirms the synthesis of nanospheric gold nanoparticles with an average diameter of 30.5 nm. The anticancer activity of CH-AuNPs was analyzed in vitro with gastric carcinoma cell lines, and it is confirmed that they effectively induce apoptosis via inhibiting antiapoptotic proteins and inducing proapoptotic proteins in the AGS cell line at an IC 50 value of 25 µg/mL. Hence, it evident that CH-AuNP is a potent anticancer drug in vitro, and further research in vivo can be done to formulate CH-AuNPs as a cost-effective anticancer drug.
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